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produces a slight destabilization in gpW that results in a denaturation temperature 11 degrees lower than at pH 6.5 (blue curve), but similar denaturation enthalpy (~130 kJ/mol). The addition of 1.1 M of LiCl at pH 3.5 (orange curve) reverses the effect of pH, resulting in denaturation curve that overlaps with that of the experiment at neutral pH.

Figure S2. NMR titration of acidic and histidine residues of gpW. Each panel shows the NMR titration of the side-chain of an acidic (D or E) or a histidine residue in gpW between pH 1 and 8.3 (at higher pH gpW aggregated, making impossible to extend the curve beyond). The pKa obtained from the fit (see methods) and the fitting errors are indicated in each panel.
S3
Parameterization
It appears that fixed-charge force fields typically underestimate the enthalpy of helix formation [Best, 2009 #192] , possibly because roughly half of the helix stability arises from induced polarization effects [Morozov, 2004 #195] . As a way to address this issue, we have here introduced a new four-body force field term E h that increases the cooperativity of hydrogen bond formation in helices. The term takes the form: Table S9 . Optimized φ and ψ torsion parameters for the CHARMM-h force field. Force constants are reported in kcal mol −1 , and phase angles are in degrees. These torsion terms replace the existing torsions for the same dihedral angles in CHARMM22*.
S16
Validation of the CHARMM22-h force field
We have recently described a comprehensive evaluation of eight protein force fields using a number of different tests [Lindorff-Larsen, 2013 #166] . Each test involves the simulation of a protein or peptide system and comparison with experimental data. Below we present the result of these tests applied to the CHARMM-h force field, as well as of additional tests that highlight the effect of the newly introduced force field term described above.
Simulations of folded proteins
The first set of tests involves simulations of two folded proteins, ubiquitin and GB3, and comparison to NMR backbone scalar couplings and residual couplings measured on these systems. We calculated the 
Simulations of protein folding
The tests on ubiquitin and GB3 provide detailed information about the ability of a force field to describe the folded state of a protein.
To complement these tests we have previously demonstrated that simulations of protein folding can provide additional information on the ability of a force field to describe the free energy landscape of proteins. We thus performed simulations of the folding of two fast-folding proteins, the α-helical villin headpiece and a WW domain, whose native structure consists of a three-stranded β sheet, as previously described for eight different force fields [Lindorff-Larsen, 2013 #166]. In a simulation of villin with CHARMM-h at the experimental melting temperature (360 K), we observed reversible folding with two folding and two unfolding events observed within the 10-µs duration of the simulation. Similarly, we observed one folding and one unfolding event in a 50-µs simulation of the GTT WW domain at 370 K. The CHARMM-h force field can thus be used to fold S17 both a α-helical and a β-sheet-containing protein, suggesting that the force field provides a relatively accurate description of the energetic balance between different secondary structure types.
Conformational preferences in peptides
The last set of tests involves simulations of shorter peptides that preferentially populate α-helical or β-hairpin-like conformations. In Fig. S4a we show the melting curve calculated for the CLN025 peptide using a simulated tempering simulation with CHARMM-h, and a comparison to both the experimental melting curve and the curve obtained from simulations with CHARMM22*. In Fig. S4b we compare the experimentally determined temperature dependency of the helicity of the (AAQAA) 3 15mer
peptide [Shalongo, 1994 #196] with the results obtained from simulations with CHARMM-h and CHARMM22*. The results demonstrate the increased cooperativity of the helix-coil transition, which was one of the aims in the parameterization of CHARMM-h. is compared to the value estimated from NMR experiments (black) [Shalongo, 1994 #196] .
The increased cooperativity in helix formation in CHARMM-h is also expected to manifest itself in the length dependency of the stability of helices. We thus also simulated two helical peptides of differing lengths, the (EAAAR) 3 15mer peptide [Shalongo, 1994 #196] and the (EAAAR) 5 25mer
peptide [Merutka, 1991 #197] , using both the CHARMM-h and CHARMM22* force fields. The resulting melting curves (Fig. S5) clearly demonstrate that the CHARMM22* force field only displays a relatively modest increase in helicity as the length of the peptide is increased. In contrast, in simulations performed with the CHARMM-h force field, the (EAAAR) 5 peptide is considerably more helical than S18 the (EAAAR) 3 peptide, and both peptides exhibit a much sharper melting transition, in better agreement with the experiment and consistent with the results obtained for the (AAQAA) 3 peptide. This observation is in good agreement with experimental measurements of circular dichroism spectroscopy of EAAAR-based peptides of increasing length (Fig. S5) . 
